Some physicochemical properties of two thermostable proteases from Streptomyces rectus are described. The enzymes were judged to be identical with respect to molecular weight, inactivation with serine protease inhibitors, and in primary structure by peptide analysis. Amino acid analysis indicated the enzymes had identical compositions except for their amide content. The molecular weights of the enzymes were judged to be 28,000 by sedimentation equilibrium, 26,200 by sedimentation diffusion, and 29,100 from amino acid analysis. Titration of the proteases with diisopropylfluorophosphate and phenylmethane sulfonylfuoride indicate equivalent weights of 28,500 and 32,800 g, respectively, for the proteins. The pentapeptide around the serine residue reacting with diisopropylfluorophosphate was isolated and had the composition:
The alkaline serine proteases are enzymes which can be stoichiometrically inactivated with organophosphorous compounds and sulfonyihalides by covalent reaction of the active site serine with these reagents. The thermostable alkaline proteases of Streptomyces rectus are, in addition, inactivated by sulfhydryl reagents such as p-chloromercuribenzoate and HgCl, (10) . The Streptomyces enzymes may serve as an excellent means of studying the phenomenon of thermostability in proteins since they possess two functional groups which may be covalently modified. This may allow the introduction of active site probes which can be used to monitor changes in conformation around the catalytic center. This report is concerned with some of the physical and chemical properties of the enzymes. The proteins were shown to be identical in molecular weight and to differ in composition only in amide content. Tryptic and chymotryptic peptide analyses showed the proteases to be essentially identical in primary structure. In addition, data are presented to support a value of approximately 29,000 for the molecular weight of the enzymes. This differs from the value of 21,500 determined by Mizusawa and Yoshida (12) . The pentapeptide around the active site of each of the proteases was isolated.
An analysis of the composition indicated that ' the pentapeptides may be homologous to those from mesophilic proteases.
MATERIALS AND METHODS Growth conditions. S. rectus var. proteolyticus ATCC 21067 was grown in 10-liter batches in a New Brunswick F-14 fermentor at 50 C. The medium was that of Mizusawa et al. (11) containing 2% soluble starch (Difco) and 1.5% Soytone (Difco). Cultures were sparged with sterile air at 10 liters/min and were agitated at 400 rpm. Growth was continued for 18 to 24 h.
Purification. The enzymes were purified by a modification of the method of Mizusawa et al. (10) . The acetone precipitations were replaced by dialysis against buffer desired for the subsequent step. In addition, after (NH4),SO4 precipitation, the enzyme was dissolved in and dialyzed for 72 h against several changes of 0.02 M tris(hydroxymethyl)aminomethane-hydrochloride (pH 8.0). The protein solution was applied to a column (5 by 40 cm) of diethylaminoethyl-Sephadex A-25 (Pharmacia) in the same buffer at 120 ml/h. Proteolytic activity eluting under these conditions was then purified by duplicate passes through carboxymethyl-Sephadex C-25 according to Mizusawa et al. (10 Peptide analysis. A 5-mg amount of enzyme in 1 ml of water was precipitated with 1 ml of 10% trichloroacetic acid. The precipitated protein was centrifuged and washed three times with acetone. The protein was suspended in 1.5 ml of water, the pH adjusted to 8.00, and transferred to a Metrohm pH-stat reaction vessel held at 37 C. Digestion was initiated by the addition of 10 liters of 1% (wt/vol) trypsin TPCK (Worthington) in 0.1 M CaCl,. The pH of the mixture was maintained at 8.00 by automatic addition of 0.01 N NaOH. After 2 h, an additional 10 jsliters of trypsin solution was added, and the reaction was allowed to continue for another 2 h. The digestion mixture was flash evaporated and the residue was dissolved in 1 ml of 0.2 M pyridine-acetate (pH 3.10).
Portions (5 mg) of enzyme were digested with a-chymotrypsin in a similar fashion, except that a single addition of 10 juliters of a 1% a-chymotrypsin (Worthington) solution was added and incubation was continued for 1 h.
Cation-exchange chromatography was carried out on a column (0.9 by 20 cm) of Aminex A-5 (Bio-Rad) in an automatic system similar to those described by Jones (6) . Peptides were eluted with a linear 500-ml gradient from 0.2 M pyridine acetate (pH 3.10) to 2.0 M pyridine acetate (pH 5.00). Buffer and ninhydrin flow rates were 30 ml/h. Effluent was monitored at 570 nm in a Gilford 300 recording spectrophotometer.
Enzyme assays. Esterolytic activity was measured by the hydrolysis of carbobenzoxy-alanine-p-nitrophenyl ester. The reaction mixture contained 2.8 ml of 0.05 Tris-hydrocloride (pH 8.00), 0.1 ml of enzyme, and 0.1 ml of 6 x 10-' M substrate in redistilled acetonitrile. Buffer and enzyme were placed in a cuvette in the jacketed (30 C) chamber of a Gilford 240 recording spectrophotometer, and the instrument was zeroed. After equilibration, substrate was added, the contents were mixed, and the increase in absorbance at 400 nm was recorded.
Absorption spectrum. The ultraviolet spectrum of the enzymes was measured in 0.1 M ammonium acetate buffer (pH 5.00) in a recording spectrophotometer (Cary 14 and Beckman Acta IV).
Protein concentration. For unpurified preparations, protein was measured by the method of Lowry et al. (7) . Homogeneous enzyme concentration was measured from absorbance at 278 nm where E m = 20.4, e = 5.94 x 10' (assuming a molecular weight of 29,100).
RESULTS
Purification. A purification of 8-to 10-fold was achieved by the procedure presented. The yields ranged from 35 to 40%. The diethylaminoethyl-Sephadex chromatography represents a modification of the original procedure of Mizusawa et al. (10) . Mizusawa and Yoshida (12) have published a modified procedure incorporating quatemized aminoethyl-Sephadex to eliminate contaminants, particularly a carboxypeptidase. We found that the use of diethylaminoethyl-Sephadex also reduces contamination. It sems likely that the same material is removed by both procedures.
Homogeneity. The homogeneity of final enzyme preparations was routinely checked by sedimentation in the ultracentrifuge, analytical gel electrophoresis, and amino-terminal analysis. The presence of a single symmetrical peak in the ultracentrifuge was inconclusive in demonstrating homogeneity, because such preparations sometimes showed more than a single band upon electrophoresis and more than one amino-terminus. Homogeneous preparations showed a single tyrosine residue to be aminoterminal.
Sedimentation coefficient. The sedimentation rates of both enzymes were concentration dependent. Extrapolation of the apparent S20,w for each enzyme to infinite dilution yielded an s20 W of 2.91 for each protein.
Diffusion coefficient. The apparent D20,W of PMS-protease A at three concentrations was extrapolated to zero concentration. A D20 W of 9.68 x 10-v cm2/s was derived. Sedimentation equilibrium. The results of high-speed sedimentation equilibrium at various protein concentrations are presented in Table 1 and reveal average molecular weights of 27,850 and 28,340 for proteases A and B, respectively.
Sedimentation-diffusion. The molecular weight of protease A was calculated from the sedimentation and diffusion coefficients, and the partial specific volume (0.720 ml/g) was calculated by the Svedberg equation. A molecular weight of 26,200 was derived.
Amino acid analysis. The amino acid analysis data for protease A are shown in Table 2 . Figure 1 is the titration curve of protease B with PMSF. Protein concentration was calculated by absorbance at 278 nm assuming a molecular weight of 29,100. The curve approximates a 1:1 stoichiometry. The equivalent weight of protein calculated from the curve is 32,880.
The stoichiometry of reaction with DFP was measured by reacting an excess of [3H]DFP of known specific activity with protease B. The protein was separated from excess label by chromatography on Sephdex G-25, and the protein concentration and radioactivity of the protein peak were measured. It was found that 1 mol of DFP binds to 28,500 g of protein.
Peptide analysis. The peptides from the tryptic digest of the two enzymes were chromatographed on Aminex A-5 cation-exchange resin in an automatic system similar to an amino acid analyzer. Figure 2 is the elution pattern of the digests of the enzymes. The profiles are essentially identical. This reflects the high degree of sequence homology between the enzymes as might be expected from the other chemical and physical data. Approximately 15 to 18 major peptide peaks are present in each chromatogram. On the basis of the lysine and arginine content of the proteins, 16 peptides would be predicted. The large peaks emerging early in the chromatogram are probably peptides larger than 30 residues in length, since peptides larger than this are not retarded by highly cross-linked resins such as Aminex A-5 (6). The inability to distinguish between the two proteases could be due to the elution of the VOL. 120, 1974 (Fig. 3) are also identical. Figure 4A is the elution profile of the chymotryptic digest of [3H ]DFP protease A on Aminex A-5. The protein was digested with 6% (wt/wt) a-chymotrypsin for 5 h in 2 M urea. Peak c3 was a peptide of approximately 20 amino acid residues containing aspartic acid, threonine, serine, glycine, alanine, valine, methionine, isoleucine, leucine, and tyrosine. The labeled material eluting in the second peak (c6) was further purified by anion-exchange chromatography on Aminex A-25 (Fig. 4B) . The two resulting peaks (c6-31, c6-37) were obtained in 17 and 6% yields, respectively. Peptide c6-31 had the following composition: Asx, 1.06; Thr, 0.72; Ser, 1.08; Gly, 1.16; Met, 0.98. Peptide c6-37 was not obtained in sufficient quantity for accurate analysis.
DISCUSSION
The amino acid and peptide analyses of proteases A and B show them to be homologous with the exception of one to two additional amide residues in protease B. Whether the change in amide content is due to a post-transational modification of the enzyme structure or to gene duplication and mutation cannot be determined at this time. In addition, the proteins were confirmed to be identical in sedimentation coefficient, molecular weight, and reaction with inhibitors (12) . The number of amino acid residues per mole of protein reported here differs from those of Mizusawa and Yoshida (12) since the latter were based on a molecular weight of 21,500. The amino acid composition and molecular weight of the proteases resemble those of the subtilisins (8) and an alkaline protease from S. griseus (4). weight of 21,500 for the enzymes. A Do,, of 12.1 x 10-I cm2/s would be required when s20w = 3.00 S, M = 21,500, and v = 0.720 ml/g are substituted into the Svedberg equation (12) . Assuming M = 21,500 and v = 0.720 ml/g, a Di?ax of 10.64 x 10-7 cm2/s can be calculated (18) . This is the maximal diffusion coefficient for an unsolvated sphere. -Thus, a D00W of 12.1 X 10-7 cm2/s is theoretically unlikely, and the molecular weight of 21,500 is probably in error. Table 3 is a comparison of physical constants determined in this study and by Mizusawa and Yoshida (12) .
The amino acid composition of the peptide reacting with DFP is compared in Table 4 with the sequence around the active site in alkaline proteases from Bacillus subtilis (8) , Aspergillus oryzae (9), and A. flavus (9) . Although the sequence has not been determined, a high degree of sequence homology may exist between the active site of the thermostable enzyme and enzymes from mesophilic sources. This is of additional interest since a sulfhydryl of cysteine 
